Optimal life-history decisions are shaped by prevailing environmental conditions. In the context of urbanization, environmental differences between urban and rural areas are known to vary across a multitude of axes. The relative roles of specific axes and whether they explain variation in avian life histories between forest and city populations have not often been studied empirically. This study comprehensively views urbanization from a multidimensional environmental perspective. For each of 13 nest box plots of a common passerine bird (the great tit Parus major), we quantified temperature, humidity, light, and noise, and subsequently assessed direct versus indirect effects of each environmental axis on components of annual reproductive success by applying a path analytical framework. All quantified environmental axes, and life-history traits, showed substantial repeatable variation between the plots. Forest and city plots differed tremendously in temperature, humidity, and light. We were able to attribute among-population variation in life history to variation in these environmental effects. However, the simple dichotomy between forest and city populations explained the data best. Birds in the city laid earlier, which indirectly resulted in smaller clutches, and their offspring fledged in poorer condition, compared to conspecifics in forests. Those differences persisted after controlling for temperature, humidity, light, and noise, which implies that they were shaped by other factors than the ones quantified in this study. In summary, our findings question the common interpretation that differences between forest and city areas relate to specific environmental axes that covary with urbanization, especially in in lieu of quantitative measurements.
INTRODUCTION
Life-history theory predicts that optimal life histories vary across environments (Stearns 1992) . As a consequence of global warming, for instance, many species have adapted their life histories by shifting timing of reproduction forward (Root et al. 2003; Parmesan 2007; Visser et al. 2015) . Other abiotic factors, such as photoperiod (Bronson and Heideman 1994; Lambrechts et al. 1997; Dawson et al. 2001 ) and weather (Coulson et al. 2003; Arlettaz et al. 2010) , are also known to affect life histories, as do biotic factors. Food deprivation during sexual maturation, for instance, lowers fecundity, body size, and survival (Beckerman et al. 2003) , while predation pressure and population density influence development time, reproductive effort (Reznick et al. 2001) , and body mass (Bonenfant et al. 2002) . Environmental factors thus represent key drivers of life-history evolution.
Urbanization causes exceptional environmental variation because it involves one of the most extreme forms of land-use alterations. Urbanization thereby constitutes a unique setting to assess adaptive microevolutionary processes of human-induced rapid environmental change (Shochat et al. 2006; Sih et al. 2011) . Urbanization has most often been investigated by comparing urban to rural populations (Chamberlain et al. 2009; Evans et al. 2011) . Such studies typically assume that the differences between urban and rural areas (e.g., cities and forests) are attributable to variation in environmental conditions associated with urbanization, including human-induced changes in temperature, humidity, light, and noise (Marzluff 2008) . Indeed, researchers have only recently started to directly quantify the effects of environmental factors that might cause differences in phenotypic traits between urban and rural areas (McDonnell and Pickett 1990; Pennington and Blair 2012) . Noise pollution, for instance, caused by traffic or machinery are known to negatively impact communication (Brumm and Slabbekoorn 2005; Nemeth and Brumm 2009 ) and therefore key-life history traits like reproductive success (Kight and Swaddle 2011) . Light pollution represents another urban characteristic known to increase activity, hence reproduction (Bradshaw and Holzapfel 2007; Gaston et al. 2015) through its effects on immune regulation and metabolism (Navara and Nelson 2007) . These and other (a)biotic factors that have been associated with urbanization (e.g., temperature, humidity, habitat fragmentation, air pollution, and changes in predation risk) might thus represent key drivers of variation in behaviour and life history between rural and urban areas.
Importantly, it is the quantification of the environment that will ultimately improve our understanding of how rapid human-induced environmental changes impact ecological processes. Demonstrating the role of a hypothesized environmental effect in shaping amongpopulation variation requires analyses of data sets consisting of multiple (i.e., >2) populations that differ in (a) quantified environmental condition(s), as this would allow one to measure how much of the among-population variation in a focal phenotypic character was explained by environmental axes of interest. When applying this approach to multiple populations that include urban (e.g., cities) and rural (e.g., forest) areas, we conceive 5 possible scenarios (Figure 1 ): A 1) linear or 2) nonlinear relationship between a focal environmental axis and the focal phenotype at the among-population level that explains differences between forests and cities (i.e., there are no "residual" differences between forests and cities after accounting for the focal environmental axis). This would demonstrate that the hypothesized environmental axis may arguably "explain" the differences between city and forest areas. 3) No effect of a hypothesized environmental axis when controlling for population type (city vs. forest). This would imply that while cities and forests might differ on average in a focal environmental axis, this axis nevertheless does not explain variation within each population type. In other words, the focal environmental axis therefore also cannot logically explain why cities and forests differed either. Additive effects of population type (city vs. forest) and a focal environmental axis, whether 4) linear or 5) nonlinear in nature, would logically imply that differences between forests and cities were partly attributable to the focal environmental axis but were partly also attributable to other (unmeasured) environmental axes.
Studies that directly quantified the effects of environmental factors when assessing differences in phenotypic traits between urban and rural areas predominantly focused on specific environmental axes, while few have considered the effects of multiple environmental axes within the same study (McDonnell and Hahs 2008) . Indeed, there is increasing evidence that the expression of phenotypic traits is often affected by multiple environmental axes, also called "multidimensional plasticity" (Westneat et al. 2009) or "multimodal inference" in the specific context of urbanization (Halfwerk and Slabbekoorn 2015) . It is therefore necessary to simultaneously quantify multiple environmental axes and to assess the effect of each axis on life-history traits to understand urbanization from a multivariate perspective.
While previous research has aimed to identify the primary environmental axes representing urbanization, we know relatively little about the mechanistic pathways by which they affect life-history traits. Path analytical models allow for the calculation of effects of one variable on another while simultaneously controlling for effects of other (correlated) variables in the same model (Grace 2006) . This enables hypothesized direct and indirect effects of environmental characteristics on life-history to be estimated simultaneously. In passerine birds, causal relationships between components of life histories have been investigated in substantial detail (Davies et al. 2012) . Most of such studies have revealed causal relationships between lay date, clutch size, nestling body mass, as well as survival, showing, for example, for our study species (the great tit Parus major), that late clutches are larger and that nestlings fledging from larger clutches have lower body weights, and therefore experience higher postfledging mortality (Lessells 1991) . By contrast, far less is known about how environmental factors affect components of these pathways in the context of urbanization (Halfwerk and Slabbekoorn 2015) .
In this study, we investigated the effects of various environmental axes on the pathways shaping annual reproductive success of a common passerine bird (the great tit). We analyzed a 2-year data set collected in 13 nest box populations that vary tremendously and quantitatively in key environmental factors that are commonly used as proxies for urbanization. We used a 2-step approach. First, we investigated whether variation in known proxies for urbanization (temperature, humidity, light, and noise) could be summarized into a single axis (principal component (PC)) representing a compound urban gradient. Second, we assessed whether differences in life-history decisions were best explained by 1) the discrete division into forest and city plots (from now on referred to as "citiness"), 2) a compound urban gradient, versus 3) distinct effects of temperature, humidity, light, and/or noise. For this second step, we followed a path analytical approach to test for the direct versus indirect effects of these environmental axes on annual reproductive success. We considered the following causal pathways by which urbanization might affect annual reproductive success (Figure 2) . We expected that level of urbanization would negatively affect lay date, clutch size, number of fledglings, as well as nestling condition (Chamberlain et al. 2009 ). We also expected that lay Hypothesized 5 possible scenarios to explain urban-induced differences in phenotypic traits: (a) a linear or (b) nonlinear relationship between an environmental axis and life-history traits explains differences between forest (light gray circles) and city (dark gray circles) populations, (c) no effect of the environmental axis when controlling for population type (city vs. forest), and (d) a linear or (e) nonlinear effect of an environmental axis plus additive effects of population type (city vs. forest). For more details see text.
date would negatively affect clutch size, and that nestlings of larger clutches would have lower body weights and higher nestling mortality (Lessells 1991) . We further expected that effects specific to temperature, humidity, light, and noise should better explain variation in life histories compared to a partitioning into forest versus city plots (or a compound environmental axis) provided that life-history traits were indeed affected by specific environmental axes.
METHODS

Study site
We studied 13 great tit nest box "plots" in and south of the city of Munich, Germany (48°8′6.45″N 11°34′55.132″E) in the breeding seasons of 2014 and 2015 (see Figure S1 of the Supplementary Material). Twelve of those plots were established in 2009 within a 10 × 15 km 2 forested area; each consisted of a grid of 50 boxes, with 50 m between adjacent boxes (Nicolaus et al. 2015) . The 13 th plot was established in winter 2013 and consisted of 156 nest boxes that covered the entire city area of Munich (20 × 27 km 2 ).
All nest boxes were checked at least once per week from midMarch onward, to determine lay date and clutch size. When the nestlings were 7-9 days old, parents were caught with a spring trap in the nest box, measured, and marked with a unique combination of rings if caught for the first time. When the nestlings were 14 days old, we measured their weight and tarsus length. As bird parents are known to trade-off investment in number versus quality of fledglings (Tinbergen and Boerlijst 1990; Daan 1990), we used both fledging number and weight as proxies for reproductive success. The number of offspring recruiting into the breeding population would represent an integrative measurement of reproductive fitness (Verboven and Visser 1998; Both et al. 1999 ) but this data was not collected for the city plot in 2015, while the small spatial dimensions of our forest plots did not enable us to measure this integrative fitness proxy reliably. About 36% and 41% of the 600 nest boxes in our forest plots were used for first broods by great tits in 2014 and 2015, respectively, versus 51% and 57% of the 156 nest boxes in our city plot, and those data were used for data analysis. Our analyses are based on first broods (rather than replacement or second broods) as reproductive success in great tits is largely a function of the reproductive performance of the first brood, and the majority of the birds do not produce second broods (Verboven and Visser 1998) .
Environmental factors
Four environmental factors that are often used to characterize level of urbanization (temperature, humidity, artificial light at night, and noise) were quantified for each nest box plot throughout the breeding season 2015, using 30 MSR 145 environmental loggers (MSR Electronic GmbH, Switzerland). Loggers were installed at a sample of randomly assigned nest boxes across the 13 plots and recorded each of the 4 environmental axes each minute. Loggers were exchanged across nest boxes and plots from 1 week to the next, which enabled us to statistically distinguish "plot" from "logger" identity effects. As territory sizes of individual great tits are much smaller than the dimensions of our plots, our focus on plotlevel estimates enabled us to analyze effects of environmental axes to which the average bird in each plot would arguably be exposed. Notably, in our statistical analyses, we only used data recorded between 10 PM and 4 AM for light, temperature, and humidity while recordings made over the entire day were used for measuring noise levels. The reason to focus on temperature and humidity recordings collected during the night was informed by the specifics of our study setup: our sensors were hidden underneath a bitumen cover to protect them from rain. Since bitumen heats up strongly when exposed to sunlight, day-time temperature and humidity measurements could easily be biased upward and not adequately reflect day-time microclimatic conditions. Reassuringly, the correlation between day-time and nocturnal temperature was extremely high in our data set (Pearson's product-moment correlation: temperature: r 2 = 0.93, t = 47.58, degree of freedom (df) = 365 (recording days × loggers), P < 0.001; humidity: r 2 = 0.94, t = 51.50, df = 365, P < 0.001), implying that this decision did not bias our results. We further excluded suspicious noise levels above 99.16 dBA (likely elicited by wind) based on sound measurements performed under controlled conditions in a sound-proof chamber available at the Max Planck Institute for Ornithology in Seewiesen (Germany).
Statistical analyses
Plot-level environmental gradients
For each environmental variable, we calculated the average value for each unique combination of logger and week; plot-level estimates were subsequently extracted as follows: We fitted (for each environmental variable separately) a univariate mixed-effects model with random intercepts for plot, logger, and week, assuming a Gaussian error distribution ("lmer" function of Package "lme4" version 1.1-7 and R version 3.1.2). We then extracted the best linear unbiased predictors for each plot for temperature, humidity, light, and noise, separately. We fitted a Principal component analysis (PCA) with varimax rotation ("prcomp" function of Package "stats" version 3.1.2) to ask whether these variables could effectively be summarized into a single axis (PC) representing an urban gradient.
Model comparisons
In order to infer the relative amount of support for each of our hypothesized 5 scenarios (Figure 1) , we compared the relative fit of 6 alternative sets of univariate mixed-effect models: 1) models where no environmental axis was included, 2) models including "citiness" (defined below) only, models including the 3) linear or 4) linear plus quadratic terms of either the compound urban gradient (i.e., PC-score) or 1 of the 4 environmental axes, and models including citiness and the 5) linear or 6) linear plus quadratic term of either the compound urban gradient or 1 of the 4 environmental axes. "Citiness" represented a binary variable that distinguished nest boxes located in the 12 forest and nature reserve plots (i.e., away from residential areas) from those located in the residential areas (excluding municipal parks to avoid urban island effects) within the municipal boundary of Munich. As part of these analyses, we applied a path analytical approach (Morrissey 2014) to infer how each environmental axis contributed to lay date, clutch size, number of fledglings, and nestling body mass ( Figure 2a , relationships A-D). To control for indirect effects of the environment, we included the average lay date per plot when modelling variation in clutch size (relationship E), and the average lay date and the clutch size per plot when modelling either the variation in the number of fledglings or average nestling body mass (relationships F-I). All models included year (2014 vs. 2015) as a fixed effect factor and random intercepts for female and plot identity and assumed a Gaussian error distribution, where female identity (rather than male or pair identity) was included as a random effect because previous analyses indicated that key reproductive parameters (such as lay date and clutch size) only harbor a female identity effect in repeated measures data sets (Browne et al. 2007; Araya-Ajoy et al. 2017) . For each specified relationship, we calculated the most probable standardized path coefficient and its associated 95% credible interval (calculated using the function "quantile"; Package "stats" version 3.1.2). Credible intervals not including zero indicate statistical significance (i.e., P < 0.05 in the frequentist's sense). Path coefficients for compound paths (containing more than one path) were estimated by multiplying all coefficients along a focal path (Grace 2006) to infer the level of statistical support for indirect effects. As relationships between the variables were hypothesized a priori, we present only a full model that includes effects of all paths whether or not supported by the model (Scheiner et al. 2002; Kontiainen et al. 2009 ).
A posteriori considered population comparisons Based on our findings reported in the Results, we a posteriori partitioned our city plot into 3 "subplots" in order to increase our ability to detect nonlinear environmental effects (Figure 4) . We split the city plot into 3 subplots based on the distance from the city centre of Munich (48°8′24.94″N 11°33′36.25″E, Figure S1b of the Supplementary Material). We thereby created 3 subplots with 52 nest boxes each; the number of boxes per subplot was thus similar to the number of boxes in each forest plot (n = 50 per plot). This partitioning of the data into 15 (instead of 13) plots required rerunning our PC-analysis (detailed above), which resulted in very similar estimates of our first PCs (Results not shown) which we subsequently used for our reanalyses. 62.90 (38.60-87.94) ). The city of Munich had the lowest humidity, and the highest temperature and light levels, and thus represented a relatively extreme data point (Figure 3) . The city plot, notably, had intermediate noise levels implying that some of the 12 forest plots where relatively noisy. In summary, the 13 plots captured a continuous range of spatial variation in these environmental axes in the Munich area. PCA demonstrated that the variation in the 4 environmental axes could be summarized into fewer components. The first component explained significant variance (eigenvalue: 2.72, 68% variance) and adequately captured the hypothesized urban gradient, as it loaded negatively on humidity (−0.58) but positively on light (0.55), noise (0.14), and temperature (0.58) (see Table S1a of the Supplementary Material). The second and subsequent PCs did not explain significant variance (i.e., all had eigenvalues <1) and were therefore not considered in subsequent analyses.
RESULTS
Spatial variation in environmental conditions
Model comparisons
Comparison of AIC values across our 6 a priori considered alternative models (see Methods) showed that the null model (i.e., the model where no environmental axes were included) fitted the data rather badly, and this was the case for all life-history traits regardless of which focal environmental gradient this model was compared with (Table 1) . Our model comparisons instead implied that a model considering citiness (i.e., whether the nest box plot was in the city (i.e., plot 13) or in the forest (i.e., plots 1-12))-but no other environmental effects (model c)-fitted the data best for 15 out of our 20 comparisons (Table 1 ; for parameter estimates, see Table S2 of the Supplementary Material). In the remaining 5 comparisons, models including an additive effect of citiness and a quadratic and/ or linear effect of one of the environmental gradients fitted the data best. In each of those 5 cases, however, the Akaike weight of the model including only citiness (model c) was substantial compared to the best-fitting model (Table 1) . The most parsimonious conclusion is therefore that citiness alone rather than (additional effects of) the considered environmental gradients (as in Figure 1c ) best fitted the data set overall.
We considered a posteriori that the effect of citiness might have inappropriately fitted the data best. This could occur when the effects of the environmental gradients would be strongly nonlinear, particularly in the more extreme conditions (Figure 1 ). We tested this post hoc explanation by splitting the city plot into 3 parts, as this enabled us to capture a broader range of the more extreme environmental conditions (see Figure 4) . The results of this reanalysis did not support this post hoc explanation as citiness models still fitted the data best (Table S3 of the Supplementary Material).
Our path analyses further revealed evidence for various direct effects of urbanization on components of annual reproductive success. Citiness negatively affected lay date and nestling body mass, implying that city birds bred earlier and had lower nestling body mass (Figure 2b ). We could not detect a direct effect of citiness on clutch size and the number of fledglings produced (relationships B, C, F, H; Table S2 of the Supplementary Material). However, we found an indirect effect of citiness on clutch size as the negative effect of citiness on lay date resulted in smaller clutches (compound path A × E (Fig 2) ; compound path coefficient (95% credible interval) = −0.21 (−0.33, −0.11)). No other plot-level relationships between life-history traits were detected as neither lay date nor clutch size affected the number or weight of fledglings (Table S2 of the Supplementary Material, Figure 2b ).
DISCUSSION
Environmental variation in the context of urbanization has often been implied to affect life-history traits. Light pollution, for instance, is known to relate to activity, reproduction, and communication (Bradshaw and Holzapfel 2007; Gaston et al. 2015) through its effects on immune regulation and metabolism (Navara and Nelson 2007) . Higher temperatures in cities have further been shown to increase the duration of the reproductive season, which in turn may advance the onset of reproduction (Wong and Yu 2005) . Our study revealed substantial variation between our 13 nest box plots of great tits in 4 key environmental axes (temperature, humidity, light, and noise) and various life-history traits. Great tits in the city initiated breeding earlier, and their offspring fledged in poorer condition compared to conspecifics breeding in forests. Those differences persisted after controlling for temperature, humidity, light, and noise while there was little evidence that those variables explained variation in life history themselves. These findings therefore imply that variation in life history among forest and city populations was shaped by other environmental factors yet to be determined.
Ecological studies of urbanization often largely focus on simple urban versus rural comparisons (Marzluff 2001; Marzluff 2008) . Only recently have researchers started to integrate quantified environmental conditions in studies on the impacts of urbanization on life histories, for instance, by modelling effects of urban gradients in their statistical analyses (Evans et al. 2011; Pennington and Blair 2012) . In our study, we quantified 4 environmental axes often used as proxies for urbanization and tested how well those axes explained variation in key life-history traits among great tit populations. Our findings revealed that the mere partitioning into city versus forest habitats best explained patterns of life-history decisions among our 13 great tit populations. We therefore conclude that while cities and forests differed on average in several of the sampled environmental axes (Figure 3 ), these did not explain variation within each population type. In other words, the environmental axes that we considered cannot logically explain why cities and forests differed in life history either. This conclusion is important because previous studies have reported effects of just these environmental axes on behaviour and life histories. Noise pollution, for instance, has been shown to be negatively associated with reproductive decisions (reviewed in Kight and Swaddle 2011) and artificial light with altered activity patterns that may affect reproductive decisions (Bradshaw and Holzapfel 2007; Gaston et al. 2015) . Irrespective of the causes of variation between urban and rural populations, our findings imply that one should be very cautious in attributing differences between forest and city populations to specific environmental factors. Our study also implies that other environmental moderators would have to be invoked to explain the variation in life-history traits that we detected among our great tit populations. In the context of our study, such environmental moderators may include the microhabitat temperature inside the nest box (Nager and Noordwijk 1992) , or seemingly unrelated variables, such as vegetation structure (Sumasgutner et al. 2014) or perceived predation risk (Zanette et al. 2011 ).
Our path analyses imply that citiness directly, and negatively, affected both lay date and nestling body mass, and indirectly caused the birds to produce smaller clutches. Thus, great tits in city habitats initiated their clutches earlier and their nestlings were lighter than their conspecifics in forest habitats, without one being the simple consequence of the other. An interesting outstanding question is whether differences in body weight between city and forest habitats reflect differences in size, body condition, or both. Previous Table 1 Relative support for alternative model structures differing in the inclusion of the type of environmental effect: NULL models (where no environmental axis was included), models including the 1) linear or 2) linear plus quadratic term ( studies have implied that earlier laying dates and lower nestling body mass in urban habitats may be explained by higher temperatures (Dhondt and Eyckerman 1979) and altered light regimes (Kempenaers et al. 2010) . Moller et al. (2015) , however, could not relate advanced singing activity (a proxy for breeding behaviour) to differences in ambient temperatures between urban and rural bird populations. Similarly, those hypothesized effects were not supported by our model comparisons for Bavarian great tits (see above). Relationships between an environmental axis (temperature as a representative example) and a life-history trait (lay date as a representative example) that "explains" differences between forest (circles) and city (triangles) populations. Shown are means and SEs for the relationships of the population comparison with our city plot (the city of Munich) for (a) all the data versus (b) and the city plot divided into 3 subplots. For the spatial location of each plot, see Supplementary Figure S1 . Lines represent linear relationships. Gray circles show forest and black circles city plots. SE, standard error. (Figure 2b and Table S2b of the Supplementary Material). This finding is intriguing because it suggests that great tits in urban habitats may invest less in current (vs. future) reproduction, while being equally successful compared to their rural conspecifics in terms of reproductive success of first clutches. Lower investment in current reproduction might be especially important in habitats characterized by low natural food availability-such as in urban habitats (Mennechez and Clergeau 2006) -as it requires trading-off the number versus the quality of produced offspring (Lack 1947; Monaghan and Nager 1997 ) and investment into current versus future reproduction (Williams 1966; Charnov and Krebs 1974) . This might be especially important for animals that rely on natural food sources during early development such as great tits who primarily feed their offspring with caterpillars of the winter moth (Operophtera bruceata) in natural oak habitats (Perrins 1991) . Alternatively, urban birds might be more sensitive to their environment and take more optimal reproductive decisions. "Reactive" great tits are, for instance, known to acquire more precise environmental information and therefore produce more optimal clutch sizes compared to proactive great tits (Nicolaus et al. 2015) . Our results might thus suggest that urban great tits possess a more reactive coping style compared to their rural conspecifics. However, this explanation seems unlikely because urban birds are instead known to behave more proactively and boldly (Evans et al. 2010 ). Among our 13 populations, birds living in the city of Munich are in fact relatively aggressive (Sprau P et al., unpublished data) , suggesting that they are, in fact, less reactive (Koolhaas et al. 2010) . A fitting explanation for our findings might instead be that urban environments are more predictable, that is, showing less stochastic environmental variation. For instance, humans often provide substantial supplementary resources in urban areas through feeders and nesting facilities (Chace and Walsh 2006; Fuller et al. 2008; Robb et al. 2008) . Predictability may thus allow urban birds to produce more optimal clutch sizes, whereas rural conspecifics may benefit from producing larger clutches, betting on the fitness benefits derived from years with high food abundance (Starrfelt and Kokko 2012) . Experiments are now needed to test the predictions of these alternative a posteriori hypotheses.
5) Scenario Effects
We did not find evidence for the trade-offs between components of annual reproductive success that have often been demonstrated in our study model previously (Davies et al. 2012 ). For instance, we did not detect a trade-off between the quality and quantity of fledglings. However, it is known that trade-offs often occur solely at specific hierarchical levels, such as within rather than between individuals (van Noordwijk and De Jong 1986) or populations (Armbruster 1991; Sgrò and Hoffmann 2004) . For example, rich habitats might enable birds to produce many fledglings of high quality despite the fact that time or energy investment in one cannot be invested in the other life-history trait. Large-scale environmental variation might thus have obscured these natural trade-offs that likely occur within our populations (van Noordwijk and De Jong 1986) . In line with this notion, other recent work on great tits shows that correlations between various behavioural (Morion et al. 2017; Nicolaus et al. 2017 ) and life-history traits (Araya-Ajoy et al. 2017) varies within versus among individuals. It would thus be interesting to assess the evidence for life-history trade-offs in the present data set at different hierarchical levels, such as within-individuals, among-individuals-within plots, rather than solely amongplots (Sgrò and Hoffmann 2004; Browne et al. 2007) , and reveal how urban environmental gradients might have masked any such trade-offs.
In summary, our study shows that birds in the city laid earlier, and that their offspring fledged in poorer condition, compared to conspecifics breeding in forests. Those differences were not readily attributable to effects of temperature, humidity, light, and noise, which implies that they were shaped by other factors than the ones quantified in this study. In conclusion, our findings question the common interpretation that differences between forest and city areas relate to specific environmental axes that covary with urbanization, especially in in lieu of quantitative measurements.
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